Knowledge is increasingly recognised as the key to determining competitiveness in the 21st century, emphasising the role of information, technology and learning in economic performance. The objective of this paper is to identify the importance and characteristics of a knowledge-based economy and to describe the current position of Korea in the process of transformation from a traditional resource-based economy to a knowledge-based economy. Indicators of a knowledge-based economy, in terms of inputs and outputs, are examined. It also suggests policy alternatives for successful transformation.
Introduction
The Korean economy has achieved a remarkable economic growth during the last three decades. However, since 1997 Korea has been experiencing an economic crisis that continues to wreak havoc in this nation. As a means to overcome this crisis and to achieve further economic growth, the Korean government and the private sector have tried to trace the origins of their weaknesses. Among many factors, the absence of core knowledge assets was regarded as one of the most important factors.
A key feature in 21st century economies is that development rests upon knowledge and its application. Indeed, today's most technologically advanced countries are knowledge-based. Creating and commercialising new knowledge has created millions of knowledge-related jobs and generated new wealth from innovation [1] .
The Korean economy is trying to move from a traditional resource-based economy towards a knowledge-based economy. Knowledge is now recognised by leaders in both public and private sectors as Korea's key driver for accelerated economic growth. The Korean government has increased its support for research and Korean firms have introduced knowledge management to their business processes, including a heavy investment in R&D. The emphasis is in creating new knowledge and technologies rather than acquiring or adapting knowledge already available in the advanced countries.
The objective of this paper is to identify the importance and characteristics of knowledge-based economies and to examine the current position of the Korean economy in the process of its transformation to a knowledge-based economy. Section 2 outlines basic concepts of knowledge-based economies. Section 3 describes knowledge creation and transfer as key drivers for economic development. Section 4 examines why the transformation from a traditional resource-based economy to a knowledge-based economy is important for a nation's economic growth. Section 5 analyses the current position of Korean economy by providing indicators measuring knowledge inputs and outputs. Section 6 discusses government policies for narrowing knowledge gaps, which exist between developing and developed countries.
The basic concept of knowledge-based economy
Different writers explain the knowledge-based economy in different ways according to their points of view. In a narrow sense, for example, the knowledge-based economy is sometimes referred to as the information economy, in which information technology (IT) plays a major role in determining a nation's competitive advantages [2] . Or IT is considered central to explaining the 'New Economy' that couples high productivity and economic growth with low costs. There also exist many other concepts of the knowledgebased economy including the cyber economy and network economy.
The term 'knowledge-based economy' results from a fuller recognition of the role of knowledge and technology in economic growth. In general, the Organisation for Economic Cooperation and Development (OECD) defines a knowledge-based economy as an economy that is directly based on the production, distribution and use of knowledge and information. This means that knowledge is regarded as the core factor of production, leading economies toward growth in high-technology investments, high-technology industries, and more highly skilled labour and associated productivity gains which allow for producing a high level of value-added [3] .
In addition, OECD makes a clear distinction between different kinds of knowledge which are important in the knowledge-based economy: know-what, knowwhy, know-how, and know-who.
• Know-what refers to 'knowledge about facts' such as 'How many people live in New York? What are the ingredients in pancakes? And When was the battle of Waterloo?' Here, knowledge is close to what is normally called information -it can be broken down into bits. In some complex areas, experts must have a lot of this kind of knowledge in order to fulfill their jobs. Practitioners of law and medicine belong to this category.
• Know-why refers to knowledge about the principles and laws of nature. This kind of knowledge underlies technological development and product and process advances. The production and reproduction of know-why is often organised in specialised organisations, such as research laboratories and universities. To get access to this kind of knowledge, firms have to interact with these organisations either through recruiting scientifically trained labour or directly through contacts and joint activities.
• Know-how refers to skills or the capability to do something. Businessmen judging market prospects for a new product, or a personnel manager selecting and training staff need to use their know-how. The same is true for the skilled worker operating complicated machine tools. Know-how is typically a kind of knowledge developed and kept within the border of an individual firm. One of the most important reasons for the formation of industrial networks is the need for firms to be able to share and combine elements of know-how.
• Know-who involves information about who knows what and who knows how to do what. It involves the formation of special social relationships that make it possible to get access to experts and their knowledge. It is significant in economies where skills are widely dispersed because of a highly developed division of labour among organisations and experts. For the modern manager and organisation, is important to use this kind of knowledge in response to the acceleration in the rate of change. Know-who knowledge is internal to the organisation to a higher degree than any other kind of knowledge.
Among the above listed four different kinds of knowledge, the first two represent codified knowledge because they can be most easily and cheaply transmitted. The last two components of knowledge are classified as uncodified knowledge and as such are slow and costly to transmit. Uncodified knowledge is sometimes called tacit knowledge because it is difficult to measure and it takes times to absorb [4] . However, codified and uncodified knowledge complement each other. We can expect the greatest synergy when codified and tacit knowledge work together.
In general, 'information' refers to codified knowledge. Thus, when the word 'knowledge' is used with 'information' it indicates the tacit knowledge. However, if the word 'knowledge' is used isolated from 'information' it refers to all four components of knowledge listed above [5] .
Knowledge creation and transfer: key drivers for economic development
Knowledge accumulation, transfer, application, and diffusion are the key to sustainable economic prosperity in the emerging global economy of the 21st century. Rapid advances in information and communication technologies (ICT) and declining costs of producing, processing and diffusing knowledge are transforming social and economic activities worldwide [6] .
While the knowledge revolution is resulting in many positive outcomes there is also the emerging concern of its fostering polarised societies and regions worldwide. On the one hand, scientific and technical advances have increased the economic welfare, health, education, and general living standards of a relatively small fraction of humankind to unmatched economic levels. On the other hand, the unevenness of such development among and within regions has increased. For example, 250 years ago, the difference in income per capita between the richest and poorest countries in the world was five to one; nowadays, the difference is approaching 400 to one [7] .
The reasons for these inequalities are complex and, according to most analysis, are to be found in the outcome of the social and economic revolutions that pre-date the current 'knowledge revolution'. The industrial revolution was driven by a lowering of costs in the distribution and processing of goods. This economic and social revolution generally divided the world into industrialised and non-industrialised nations that led to bi-modal societies.
The knowledge revolution is critically different from the past industrial revolution in that it is based upon a shift of wealth creating assets from physical things to intangible resources based on knowledge. The emergence of knowledge-based economic regions have traditionally been located near leading universities and research centres in the most economically advanced regions of the world [8, 9] . Indeed, the importance of physical proximity of talent, technology, capital, and know-how or 'smart infrastructure' has been argued to be crucial to fostering wealth and job creation [10, 11] . People with high levels of human capital tend to migrate to locations where there is an abundance of other people with high levels of human capital [12] .
Other scholars explore how advances in telecommunications and information technologies are transforming our perceptions of geography. Advances in ICT are key to explaining the shift from the industrial age of coal, steel, and material things to a global knowledge-based age of information, human capital and ideas. Still the importance of physical proximity or agglomeration of 'smart infrastructure' is argued to be central to the development and sustainability of the world's leading technopoleis [13] .
While it is still difficult to realise what William Mitchell [14] calls 'cities of bits', where most people are connected through telephones, televisions, faxes, and computers to the World Wide Web, we can increasingly realise opportunities to use the special characteristics of knowledge to foster the development of cities and regions in unprecedented ways. What is needed is a better understanding of the process through which knowledge contributes to economic development in developing as well as developed regions. Here we follow the analysis of Conceição et al. [15] , who explained the difference between ideas and skills, or 'software' and 'wetware'. These two kinds of knowledge differ in the way they are used, diffused, and produced. However, they are strongly interdependent in learning processes that lead to the accumulation of knowledge.
The conceptual difference between software and wetware (i.e., ideas and skills) lies in the level of codification. While ideas correspond to knowledge that can be articulated in words, symbols or other means of expression, skills cannot be formalised or codified and remain in tacit form. This apparently simple difference has very important consequences in terms of the way in which knowledge is produced, diffused and used.
• Software ('ideas'): knowledge that can be codified and stored outside the human brain, for example in books, CDs, records and compute software.
• Wetware ('skills'): knowledge that cannot be dissociated from individuals and is stored in the human brain and includes convictions, abilities, talent, and know-how.
The really substantial gains in wealth are to be found in the usage and diffusion of knowledge. Without skills, ideas may be irrelevant, and without ideas, there may be no need for new and better skills. The invention of writing (probably one of the most important ideas in the history of humankind) initially required the development of writing skills. Similarly, the widespread use of the computer is increasing the demand for computer literacy. New technologies spur the development of skills required to use these new technologies. In other words, the bridge from the production of ideas to the usage of ideas is established by producing new skills. Increased use of an idea will lead to a constellation of other ideas, aimed at improving and extending the initial idea, which will lead to the need for further skills and so on, in a self-reinforcing cycle that leads to the accumulation of knowledge. History is full of examples in which the producers of ideas and skills, by not using and diffusing them, were surpassed by others that did use them even though they were not the initial innovators. Two examples, one at the grand scale of the history of civilisation, the other at the much smaller scale of contemporary corporate warfare, serve as illustrations.
China developed what was, after the invention of writing, one of the most important ideas for the progress of humankind, the movable type printing press, an idea that dramatically increased the possibilities of codifying knowledge. However, Imperial China restricted the use of this technology to the affairs of the Emperor and its court. Consequently, Europe capitalised on this invention by promoting its widespread use and diffusion [16] . A more contemporary example is provided by Xerox PARC, located in Sunnyvale, California, that invented many of the computer and software concepts and technologies that have become the basis of today's Windows operating system. Not even Apple, initially more successful than Xerox, was able to fully capitalise on the potential of wealth in this new knowledge. In the end, it was Microsoft that reaped most of the potential technological benefits and financial rewards.
In conclusion, the accumulation of knowledge leads to the creation of wealth only if the knowledge is effectively transferred, adopted, and diffused.
The importance of knowledge-based economy
Traditional economic theories, especially concerning international trade, almost neglect the differences in the level of knowledge (thus technology) among nations in their model, even though knowledge has long been an important factor in economic growth. By simply assuming that all countries have the same level of technology, they mainly focus on the primary factors of production, capital, labour and materials.
However, since production means the process of transformation of resources into commodities and resources are scarce, production must be done by using resources in ways that generate ever-higher returns to effort and investment [1] . Analytical approaches are being developed so that knowledge can be included more directly in production functions. Investment in knowledge can increase the productive capacity of the other factors of production as well as transform them into new products and processes. Therefore, we can say that knowledge and technology are the key to modern economic growth [3] .
A second feature of knowledge is that it leads to increasing returns to scale in production. Conventional production functions assume diminishing return to scale where marginal costs increase. However, in the case of knowledge-intensive products the fixed costs of production are large, but the variable costs of production are small. This cost structure allows knowledge-based industries substantial economies of scale. If commodities are information oriented (information goods), such as CD encyclopaedias, then they have a cost structure where the additional cost of producing additional copies typically does not increase costs [17] . In other words, multiple copies can be produced at roughly constant marginal costs. Therefore, the combination of constant or low marginal costs and economies of scale allow firms large profit margins.
However, once created, knowledge is often open to the public and it is difficult for the creator to prevent others from using it. If they can use that knowledge without paying for it, this reduces the gains to innovators, who then have diminished incentive to invest in the costly R&D to generate the knowledge in the first place [4] . Thus, it is necessary to protect knowledge generation rights against theft under the Intellectual Property Law.
Knowledge is also important in terms of social well-being and environment protection. Knowledge can be created and used with the objectives of curing life threatening diseases such as cancer or reducing air pollution. In many cases the social returns to knowledge creation (to all those benefiting from it) far exceed the private returns (to those investing in it). When there are large gaps between private returns and social returns, governments have assumed responsibility or provided financial incentives to the private sector for creating some types of knowledge. For example, with less than one-tenth the income per capita of the United States, Costa Rica by focusing some knowledge resources on social well-being boasts health indicators that compare favourably with those of many industrial countries [1] .
The Korean economy and indicators for a knowledge-based economy
Most economists agree that Korea's remarkable economic growth can be traced from the high saving rate, which led to a high rate of capital accumulation and high level of investment in education and training, which in turn led to high rates of increases in human capital. A well-educated and hard-working labour force was the perfect complement to Korea's lack of natural resources. By 1970 Korea had achieved universal primary education (See Table 1 ). By 1995 the gross enrolment rate for secondary education was 90%, and that for tertiary education was 55%, which compares favourably with most OECD countries. However, Korea's high rate of school enrolment does not mean that Korea has the level of knowledge that is comparable with the other economies of the OECD. It only indicates that Korea has the potential for absorbing, acquiring and creating knowledge. And for this potential to be realised it is important to also coincide social, political, policy and behavioural contexts. In short, it is necessary to devise proper socio-economic indicators in order to measure the potential of a knowledge-based economy. It is generally accepted that gross national product (GNP) is the best indicator for measuring a nation's economic performance despite the criticism that GNP is not a good indictor for social well-being. According to the System of National Accounts, which are basically structured in the context of input-output model, the value of commodities (they may be either inputs for other commodities or final outputs) are measured by using their quantities and prices [18] . However, knowledge itself is particularly hard to quantify and value. The problem of developing new indicators is itself an indication of the unique character of the knowledge-based economy. Were we faced with trivial modifications to the traditional accounting system, a few add-on measures might suffice. To fully understand the workings of the knowledge-based economy, new economic concepts and measures are required which track phenomena beyond conventional market transactions [19] .
Since it is not our purpose to explain theoretically how to find the most appropriate economic indicators for measuring the performance of knowledge-based economies, this paper will examine two basic indicators: 1 indicators measuring knowledge inputs 2 indicators measuring knowledge outputs.
Indicators measuring knowledge inputs
Knowledge input indicators used in this paper are: 1 expenditures on research and development (R&D) 2 number of official researchers per thousand labour force.
Indicators of expenditure on R&D show direct efforts to enlarge the knowledge base and search for knowledge, while the number of official researchers approximates the talent applied to the amount of problem solving and knowledge production. Table 2 shows the indicators measuring knowledge inputs for some selected OECD countries. According to the table, we can see that gross domestic expenditure on R&D as a percentage of GDP in Korea is 2.79%, which is second next to Japan. When we compare Korea with other Asian competitors -Taiwan (China), Singapore, Hong Kong (China) -Korean figures are much more favourable. On the other hand, the number of official researchers per thousand labour force in Korea is 22.3, which is the lowest among OECD countries [20] . But the differences are not that significant compared with the United Kingdom (25.5) and France (25.8). Table 2 Indicators measuring knowledge inputs 
Gross domestic expenditures on R&D as a percentage of GDP

Indicators measuring knowledge outputs
Knowledge outputs are measured roughly by the number of patents issued and shares of gross value added that were produced by knowledge-based industries as a percentage of Gross Domestic Products (GDP). Patents, since they represent new ideas, are the closest to direct indicators of knowledge creation. However, it should be noted that not all technical knowledge is patented and not all patents are equally significant. Patents also represent practical applications of specific ideas rather than more general concepts or advances in knowledge. Nevertheless, in general, the number of patents issued is regarded as the most direct indicator for measuring knowledge output. Table 3 indicates that the number of patents issued per thousand labour force in Korea is 5.3, which is lower than other OECD countries except the USA Figures on shares of gross value added produced by the knowledge-based industries are even more unfavourable for Korea. Only 8.2% of Korean GDP comes out of the knowledge-based industries, while 15.8% of GDP is produced by the knowledge-based industries in the USA [21] . Combining results from Tables 2 and 3 , it is obvious that the Korean economy does reasonably well in the process of knowledge formation and/or its commercialisation. In other OECD countries knowledge-based industries play a key role in the long-run performance of countries by producing spill-over benefits, providing high-skill and highwage employment, and generating higher returns to capital and labour [22] . For example, OECD has classified manufacturing industry into three basic groups, -high-technology, medium-technology, and low-technology manufacturing sectors -based on their relative R&D expenditures or R&D intensity (ratio of R&D expenditures to gross output). Computers, communications, semiconductors, pharmaceuticals and aerospace are among high-technology and high-growth OECD sectors and are estimated to account for about 20% of manufacturing production. However, less than 5% of manufacturing production comes out of Korea's high-technology sector. Korea's low level of productivity in knowledge intensive industries is mainly due to the nation's weak science system -a factor which takes on increased importance in a knowledge-based economy. According to OECD, a country's science system includes public research laboratories, institutions of higher education, government science ministers and research councils, certain enterprises and other private bodies and supporting infrastructure. In Korea, for example, public expenditure on education is on the very low level, $370.00 per capita in 1995, while France is $1,594.10, more than four fold that of Korea [23] . A low professors/college student ratio and a low number of computers possessed by the Korean population represents the current low state of infrastructure for supporting a knowledge-based economy (See Table 4 ). 
Government roles and policies
It is apparent that there exists a knowledge gap between Korea and other members of the OECD. The Korean government should play a crucial role in narrowing the knowledge gap. Currently, Korea has launched a vast program for transformation from a traditional resource-based economy to a knowledge-based economy. The theoretical background of the government intervention for the successful transformation to knowledge-based economy can be traced from the neoclassical 'market failure model'. According to the World Development Report by World Bank [1] , it is explained by as follows:
1 Because the market for knowledge often fails, there is a strong rationale for public action. The state is in a unique position to narrow knowledge gaps -for example, by adopting an open trade regime, supporting lifelong learning, or establishing a sound regulatory environment for a competitive telecommunications industry.
2 Information is the lifeblood of markets, yet markets on their own do not always provide enough of it, because those who generate information cannot always appropriate the returns. Public actions are thus required to provide information to verify quality, monitor performance and regulate transactions to provide the foundation for successful market-based development.
Policy recommendations by the World Bank
The World Development Report by the World Bank [1] explains three critical steps that developing countries can take to narrow the knowledge gap which exist between developing countries and developed countries.
• Policies for acquiring knowledge -For developing countries, acquiring knowledge involves two complementary steps: obtaining knowledge by opening up to knowledge from abroad and creating knowledge not readily available elsewhere. Three key means of facilitating the acquisition of knowledge from abroad are an open trade regime, foreign investment and technological licensing.
• Policies for absorbing knowledge -To narrow knowledge gaps, societies must ensure basic education for all and provide opportunities for people to continue to learn throughout their lives. Basic education is the foundation of a healthy, skilled and agile labour force. Lifelong education beyond basics enables countries to continually assess, adapt and apply new knowledge. In addition, Special emphasis must be on extending education to women and other traditionally disadvantaged groups.
• Policies for communicating knowledge -Communicating knowledge involves taking advantage of new information and communications technology -through increased competition, private sector provision, and appropriate regulation -and ensuring that the poor have access as well as the ability to absorb and apply knowledge.
Policy recommendation by the OECD
OECD [3] recommends that national strategies to narrow knowledge gaps should be done in the following ways:
• Enhancing knowledge diffusion -Innovation activities need to be broadened from 'mission-oriented' science and technology projects to 'diffusion-oriented' programs. This includes providing the framework conditions for university-industrygovernment collaborations, promoting the diffusion of new technologies to a wide variety of sectors and firms, and facilitating the development of information infrastructures.
• Upgrading human capital -Policies need to promote broad access to skills and competencies and especially the capacity to learn. This includes providing broadbased formal education, establishing incentives for firms and individuals to engage in continuous training and life long learning, and improving the matching of labour supply and demand in terms of skill requirements.
• Promoting organisational change -Translating technological change into productivity gains will necessitate a range of firm-level organisational change to increase flexibility, particularly relating to work arrangements, networking, multi-skilling of the labour force and decentralisation. Governments can provide the conditions and enabling infrastructures for these changes through appropriate financial incentives, competition, information sharing, and other policies.
Policy alternatives for Korea
As indicated earlier, Korea has taken initial steps towards the transformation from a traditional resourced-based economy to knowledge-based economy. However, in order for Korea to implement a successful transformation, it first needs to adjust the existing economic system and emphasise the role of the government for establishing a favourable environment for growing and exploiting a knowledge-based economy, in addition to the policies recommended by the OECD and the World Bank. For example, government interventions and social regulation which shrink the operation of free market mechanisms should be limited. It has long been recognised that Korea's remarkable economic growth was possible under the protection of the Korean government. The government-led high growth strategy that had been applied since the early 1960s did contribute to the transformation of Korea from a poor agricultural economy to an advanced industrial state. However, with the collapse of socialism and the end of the cold war has come the global marketplace, not only for goods and services but for capital, technology and knowledge as well [24] . Restrictions on technology and knowledge transfer have generally been relaxed. Accordingly, firms cannot so easily earn supra-competitive returns by locating behind trade barriers. Transportation costs have fallen and information about market opportunities often diffuses instantaneously. Together, these developments have reduced the shelter previously afforded to privileged positions in domestic markets [4] . In this sense, we can say that liberalisation of markets and fair competition are the preliminary condition for strengthening Korea's competitiveness in order to be successful in gaining competitive advantage in knowledgeintensive industries.
Second, it is necessary for Korea to strengthen its intellectual property system. Some forms of knowledge assets are often inherently difficult to copy. However, other forms such as those which are information based can be easily copied. The problem becomes much more important when we consider digital technology and the internet. Digital information can be copied and instantaneously transmitted around the world, leading many content producers to view the internet as one giant, out-of-control copying machine. If copies crowd out legitimate sales, the producers of information may not be able to sustain their activities [17] .
Korea does protect exclusive rights to intellectual property via patents, trademarks and copyrights. Unfortunately, the number of intellectual property rights violators has increased sharply since the economic crisis of 1997. Critics argue that economic hard times and generally low awareness among Korean people about the seriousness of intellectual property right violation, as well as the weakness of intellectual property right laws are major causes for the sharp increase in the number of violators. In order to better protect intellectual property rights, the Korean government should give more power to such laws as well as enforce them more thoroughly.
A counter face suggests that when managing intellectual property, the goal should also be to choose the terms and conditions that maximise the value of the intellectual property, not the terms and conditions that maximise individual protection [17] .
Third, the Korean government should construct an infrastructure of knowledge. In a knowledge-based economy the intellectual activities of economic bodies, such as academic institutions, business firms, and the government are well organised as knowledge is created, shared and utilised. So, in order for the private sector to be effective in creating and utilising knowledge, government needs to provide the supporting infrastructure.
The National Economic Advisory Council (NEAC) proposed a three-year plan that would develop Korea's knowledge-based economy. According to the proposal, an ultra high-speed communication network will be developed by 2005 and a next-generation internet system by 2004. A total of 20 million Koreans will use the internet by 2003. NEAC also selected five major action programs that include the promotion of and use of information technologies in both urban and rural areas and the establishment of research and development networks linking businesses, educational institutions, and research institutes.
However, it is most important to enhance the quality of education. The importance of education for economic growth has long been recognised. As indicated earlier, Korea's higher rate of school enrolment and higher levels of education in the population mean that more Koreans have the ability to learn and to use better and more advanced technology. However, this does not guarantee a higher quality of education. Therefore, the government should continuously invest in people and educational institutions to enhance the quality of education and thus the capability to create and use knowledge.
Conclusion
The world economy is being transformed from a traditionally resource-based economy to a knowledge-based economy. Knowledge is recognised as the key to determining competitiveness in the 21st century, which emphasises the role of information, technology and learning in economic performance. After the economic crisis, Korea is moving in this direction.
As previously noted, figures are favourable for Korea in terms of knowledge inputs, while they are unfavourable in terms of knowledge outputs. This low output/input ratio strongly suggests that Korea has a low level of productivity or efficiency in knowledgeintensive industry. This is a disappointment since the government and the private sectors made significant efforts to foster Korea's knowledge economy.
There exist knowledge gaps between Korea and other OECD countries. A successful strategy will need to close these gaps and allow Korea to enter into a knowledge-based economy with competence and confidence. The suggested strategies are investing in the knowledge embodied in physical capital and investing in people and institutions to enhance the capability to create and use knowledge.
Finally, it should be noted that Korea's low level of productivity in knowledgeintensive industries indicates that Korea is less efficient in the commercialisation of new knowledge than in the creation of knowledge. The creation of knowledge is the domain of the individual, or of the research laboratory, or of autonomous business units. It need not require complex organisation. However, the commercialisation of advanced technology is definitely the domain of complex organisations. Therefore, new organisational forms and the development and exercise of dynamic capabilities are required in order to increase productivity in Korea.
